Adverse events (AEs) are poor outcomes caused by medical care. They occur in 20% of medical patients following hospital discharge. We designed an interactive voice response system (IVRS) with the intent of identifying patients who might be experiencing an AE following discharge or were at risk of developing one.
INTRODUCTION
The transition from hospital to home poses considerable risk to patients. [1] [2] [3] [4] [5] [6] [7] [8] [9] Adverse events, defined as poor outcomes due to medical care, occur in one in five medical patients in the first month following discharge. 5, 6 A significant proportion of adverse events have important clinical consequences, including death, and at least half of them are preventable or ameliorable. 5, 6 To improve the safety and effectiveness of hospital care, it is important to develop strategies to minimize risk during the transition home.
One factor contributing to post-discharge adverse events is inadequate monitoring. 1, 5, 6 In hospital, physicians and other health professionals intensely monitor patients and their treatments. If a patient's condition deteriorates, then it is usually recognized and acted upon quickly. After discharge, this is not the case. In many instances, patients experience warning symptoms yet do not act in a timely manner. Several studies suggest a simple telephone intervention may improve identification of these early symptoms and in turn reduce the risk of them progressing. 2, 3, 8, 10 Although this intervention is promising, resource limitations impede uptake. We have devised an efficient method of monitoring patients after discharge using an interactive voice response system (IVRS). The IVRS performs an automated survey shortly after discharge to screen patients for those who might be having a problem. For screen-positive patients, the IVRS electronically notifies a nurse who is responsible for personally following up. In a pilot study, this monitoring method was simple to implement, acceptable to patients, and had potential for reducing adverse events. 11 Our initial study of the IVRS was focused primarily on testing its feasibility rather than its effectiveness. As a result, we did not follow patients after their IVRS call to determine adverse event status or opinions pertaining to the IVRS. To address these limitations, we planned the current study. Our primary objective was to determine the proportion of study patients in whom the IVRS helped to identify a need for nurse intervention. Secondarily, for patients experiencing adverse events, we wanted to describe the timing and results of the IVRS call in relationship to their adverse event. Thirdly, we determined patients' opinions of the call dialogue used. By meeting these objectives, we felt we would determine the potential effectiveness of an IVRS solution for reducing adverse events. Furthermore, we would identify how the IVRS solution could be modified to maximize its potential benefit.
METHODS

Design, Setting and Patients
We used a prospective cohort design to study patients discharged to home from the General Internal Medicine Service at the Ottawa Hospital, Civic Campus. The service has three medical teams, each staffed by an attending physician, a senior medical resident, two to three junior residents, and varying numbers of medical students. These services function with a hospitalist model. With few exceptions, patients admitted to the service are unknown to the attending physician and very few are followed by the attending physician after discharge.
Consecutive patients admitted to this service between 5 May 2006 and 10 January 2007 were screened for eligibility. Patients were ineligible if they did not have a telephone, did not speak English, had cognitive impairment, or did not provide informed consent. We enrolled patients during their inpatient stay when their discharge disposition became apparent. The study was approved by the Ottawa Hospital's Research Ethics Board.
Intervention
After obtaining patient consent, we collected demographic and medical data. On the day of the patient's discharge, we entered the patient's telephone number, study ID number, and discharge date into the IVRS. The IVRS called patients 2 days after their discharge starting at 9:00 am. If there was no response to the call, the IVRS re-attempted the call every 2 h until a response occurred. If no response occurred before 9:00 pm that day, the system temporarily stopped calling the patient until the next morning. The system continued this pattern until a call was answered or 2 days had passed.
When a call was answered, the IVRS asked a series of questions that required a yes/no answer. The IVRS used telephone key pad entry for patients to update the database and prompt further actions. The IVRS provided instructions for the patient to press '1' for 'yes' and '2' for 'no.' The system first asked: 'Are you the patient recently discharged from the Ottawa Hospital?' If the person responded 'no' then the IVRS thanked the individual and disconnected. If the person responded 'yes' then IVRS asked three questions: 'Since discharge, have you had any new or worsening symptoms?' 'Since your discharge, have you had any problems related to your medications?' 'Would you like to speak to a nurse?' The responses to these questions were stored by the IVRS.
If the patient responded 'yes' to any question, the IVRS system sent an e-mail to the nurse coordinator of the medical team who discharged the patient. The nurse coordinator is a registered nurse who works with the medical team to facilitate various processes of care, including coordination of postdischarge tests and appointments. 12 The e-mail identified the patient by the ID number and indicated the patient's response to the questions. The nurse coordinator then telephoned the patient as soon as possible after receiving the e-mail. She recorded the reason why the patient required follow-up and how she dealt with the problem using a standard form. We used this information to determine the proportion of study patients requiring a nurse intervention. The IVRS we used was CallAssure™. CallAssure can be run on any modern personal computer equipped with a telephony card and at least two analog lines. In addition, our system required access to an e-mail server (for notification messages).
Follow-up and Outcomes
Thirty days after hospital discharge, we manually contacted all patients by telephone to administer a telephone survey. Patients were asked if they remembered the automated call and to provide their opinion about some aspects of the IVRS, including perceived utility. They were asked: "Was the call useful to you?" "Did you understand the questions?" "Did you find it easy to use?" "Would you prefer a person to call?"
To determine adverse event status, we replicated methods previously developed and used by our group. At the 30-day interview, we determined whether the patient had any new or worsening health problems following discharge and whether they required any visits to health providers. For patients who had an encounter at our hospital, we supplemented data from the telephone survey with patient information collected from the hospital's electronic health record, emergency department records of treatment, and hospital paper charts. This information was summarized into a case summary.
Two physicians (AF and LB) independently reviewed case material and determined whether or not each person had an adverse event. If cases were deemed adverse events, they were further classified according to preventability (adverse events were preventable if two reviewers judged that it could have been avoided), ameliorability (adverse events were ameliorable if two reviewers judged that its severity could have been significantly reduced if there was an appropriate response), severity, and type. Reviewers were blinded to role of IVRS in patients' care.
We used the IVRS call statistics to determine the potential impact on reducing nursing workload with respect to making follow-up calls. We determined patients' opinions regarding the automated call by asking them four questions.
Statistics and Data Management
We used SASv9.1 (Cary, NC) for all data analysis. Descriptive statistics were reported using median and inter-quartile range (IQR) for continuous variables and frequency distributions for categorical variables. For outcomes, we present the proportion of patients with the outcome of interest with 95% confidence intervals calculated using the Wilson score method. 13 
Role of the Sponsors
The sponsors did not have any role in the design, conduct, analysis, or manuscript preparation for the study. Figure 1 illustrates the study flow. During the study period, 1,442 patients were discharged alive from the internal medicine service, 789 of whom went to their own home directly. Of the patients, 464 went home on days when our research assistant was available. Of these, 191 patients were not enrolled into the study because we were unable to approach them before discharge, they were cognitively impaired, they did not speak English, or they refused consent. Patients refused consent because of an unwillingness to participate in a research project and because they felt uncomfortable with the telephone technology. We did not collect information on patients not enrolled in the study so cannot provide the number of patients refusing consent. Thus, we enrolled 273 patients during the study period. Three patients were lost to follow-up, leaving 270 patients for whom we have 30-day follow-up data. Table 1 describes the 270 patients in our cohort. The median age was 64 years (IQR=50-76). Most patients had at least one chronic illness, with 43% reporting some form of heart disease and 28% reporting diabetes mellitus. Ninetyseven percent of patients had been admitted to hospital at least once in the preceding year; 21 percent of patients reported at least one limitation in activity of daily living. The median length of stay was 5 days (inter-quartile range 3-10 days).
Call statistics and survey responses are provided in Table 2 . The IVRS made 912 calls to the 270 patients in the study. Fifty-four percent of patients did not answer the first call attempt. A considerable proportion received several calls, including 40 patients who were called more than six times before they answered. Of the automated telephone calls to the 270 patients, 239 calls (89%) were answered by a person rather than an answering machine. Of these 239 calls, 173 were answered by the patient. Thus, the IVRS connected to 173 of 270 patients (64%). Patients who did not answer the IVRS were similar in terms of their baseline characteristics to those who did.
Overall, 57 of 270 patients (21% of the study cohort, 95% CI 17%-26%) indicated that they were having a problem or that they needed to speak to a nurse (Table 2) . Twenty-two patients (8%) reported having new or worsening symptoms, 22 (8%) reported having problems related to medications, and 45 (17%) reported a desire to speak with a nurse. Of these patients, 20 responded 'yes' to the question regarding nurse contact only.
Actions taken by the nurse in response to patients' requests are described in Table 2 . Of the 57 patients requiring help, the nurse successfully contacted 54 (95%). Of these, 25 had a problem that required a change in management, with the other 29 wishing confirmation that they were fine. Thus, our system led to interventions in 25/270 patients (risk=9% 95% CI 6%-13%). Of the 25 patients in whom the nurse modified therapy, medication changes were required for 15. These included ensuring the patient took the medication, phoning in a prescription, and advising the patient to discontinue a specific medication. Other changes in therapy that were not related to medications included advice regarding follow-up and facilitating contact with the patient's primary care provider. The nurse responses are described in Appendix 1 (available online).
Thirty-three of 270 patients (12%, 95% CI 8%-17%) experienced an adverse event in the 30 days following hospital discharge. Of the adverse events, 20 were considered preventable (7%, 95% CI 5%-11%), and four were considered ameliorable (1%, 95% CI 1%-4%). Of all adverse events, the types included: therapeutic errors (n=13, 5%, 95% CI 3%-8%), adverse drug events (n=12, 4%, 95% CI 3%-8%), system errors (n=4, 1%, 95% CI 1%-4%), and miscellaneous other types. Ninety-one percent of all adverse events required a visit to a hospital (including emergency department visits), whereas the remainder were Figure 2 . For patients not responding to the IVRS, the adverse event risk was 5/31 (16%). For patients in whom the IVRS call was received but an incorrect person picked up the phone, the adverse event risk was 10/66 (15%). For the patients who correctly identified themselves to the IVRS but did not answer any further questions, the adverse event risk was 1/8 (13%). For patients indicating to the IVRS no need for nurse follow-up, the adverse event risk was 9/108 (8%). For patients who indicated a need for follow-up but the nurse was unable to contact, the adverse event risk was 1/3 (33%). For patients who indicated a need for follow-up but in whom no changes in care were made, the adverse event risk was 4/29 (14%). For patients who indicated a need for follow-up and in whom changes in care were made, the adverse event risk was 3/25 (12%).
Thus, the risk of adverse events was similar irrespective of responses to the IVRS. The one group in whom there appeared to be a reduction in adverse event risk was patients who indicated they were doing fine when they interacted with the IVRS (risk=9/108 or 8%, 95% CI 4%-15%)) versus all other patients (risk = 24/162 or 15%, 95% CI 10%-21%). This translates to a relative risk of 0.6, which is not statistically significant (95% CI 0.3-1.2).
Fifteen of 33 patients with adverse events were not contacted by the IVRS. The majority of these adverse events became manifest early after discharge as they occurred due to treatment while the patient was still in the hospital. For example, one patient developed symptoms as a result of a viral gastroenteritis acquired in hospital. Another patient required urgent cardiac revascularization despite a decision to the contrary while an inpatient. Ten of 33 patients with adverse events were contacted by the IVRS but indicated no need for nurse intervention. In nine of these cases, the patient was stable at the time of the call, and the adverse event occurred suddenly several days to weeks afterwards. For example, one patient had a sudden pulmonary embolism several weeks after discharge; another patient had sudden rectal bleeding as a result of anticoagulant therapy. Eight of 33 adverse event patients indicated a need to be contacted by a nurse by way of the IVRS. During five of the nurse follow-up calls, the patients indicated they were doing fine. However, the patients subsequently developed problems. Three of the patients were experiencing symptoms related to the adverse event at the time of the call. In these cases, the nurse helped the patient by arranging care related to the adverse event.
Patient perceptions of the IVRS are also presented in Table 2 . During the follow-up call at 30 days, only 132 of the 173 patients (76%) actually remembered receiving an automated call from the IVRS. Of these patients, 119/132 (96%) stated that they understood the system, 120/132 (97%) stated that they found it easy to use, and 120/132 (97%) found the automated call useful. Only 10/132 patients (8%) indicated that they preferred a person to call them rather than the IVRS. 
DISCUSSION
Our IVRS-based system led to health-care interventions in almost 10% of patients discharged from the hospital. The IVRS identified these patients even though it failed to make contact with over one-third of the cohort. Despite the interventions by nurses, one in eight patients experienced an adverse event within 30 days of discharge, almost two-thirds of which were considered preventable. Of the 33 adverse events, the IVRS intervention did not identify 30. This was because approximately half of the patients with adverse events did not respond to the IVRS. In addition, the remaining adverse events occurred either before or after the IVRS call, making it very challenging to capture them using a single telephone contact.
The current study design does not allow us to test a hypothesis regarding the effect of the IVRS intervention on adverse event risk. However, our intervention led to changes in management to 9% of patients. This finding alone might justify implementing an IVRS-based method of patient follow-up, except it is unclear whether anything would have happened to these patients if they had not been contacted by the IVRS. We do not know whether the inpatient physicians had anticipated the problems identified. We also do not know whether patients might have sought care elsewhere before the problem influenced their health, in the absence of the IVRS call. In order to better understand the impact of the IVRS, a randomized trial of the intervention versus routine care is required.
Even though the IVRS intervention resulted in care modifications for some patients, there are three reasons why it alone was not sufficient to prevent adverse events. First, approximately one-third of patients were not contacted by the IVRS. Thirty-one of the patients did not pick up the IVRS call after repeated attempts. It is unknown why they did not pick up the phone. It could be a reluctance to answer telephone calls from unknown numbers or it could be that they were not at home when called due to a return to normal activities or a return to hospital. Sixty-six patients did not answer affirmatively when asked by the IVRS if they were the correct patient. This could have occurred because it was not the correct person, a failure to understand how to correctly enter information into the IVRS, or a desire to provide purposefully misleading responses. Regardless of why the patient did not answer the phone, the IVRS cannot prevent adverse events if the patient does not respond to it. Second, many adverse events occurred before the IVRS call. These adverse events were often due to inappropriate treatment decisions in the hospital. In these patients, the best the IVRS intervention can do is flag the patient for more intensive follow-up. Third, in other instances the patient was doing fine at the time of the IVRS call, but had a sudden unpredictable deterioration, such as a gastrointestinal bleed, several days to weeks later. For these types of problems, it is unlikely the IVRS will be of any value at all.
These results suggest a need to modify the IVRS intervention to make it more effective. If there were better education at the time of discharge regarding a pending automated call to assess symptoms, then we might increase the proportion of patients responding. If the IVRS had incorporated a 'call-in' function to allow patients to notify us when they were having a problem rather than waiting to receive a call, then we might have identified more situations in which care required modification. Finally, if we had programmed the IVRS to perform a second follow-up call at 2 weeks, then we might have identified more impending adverse events.
Based on our data, the IVRS intervention could, at best, play an adjunctive role to other interventions designed to improve post-discharge care. In these cases, the IVRS might enhance the efficiency and effectiveness of providing so-called 'after-care.' For instance, Coleman et al.'s 'transition coach' concept, in which a nurse performs home visits following discharge and teaches patients to enhance their knowledge of their disease and its management, 3 has been shown to reduce poor outcomes following discharge. The transition coach intervention might be less expensive if an IVRS identified high-risk patients for more intensive follow-up. We believe the IVRS intervention implemented in this study is feasible in most settings. The information technology infrastructure required is not sophisticated. It does not require an electronic health record, although one could be leveraged to make the process even easier to implement. We manually entered patient information into our IVRS. We also created meaningless unique identifiers to enhance the security related to e-mail communications. Finally, we manually documented the nurse's follow-up of IVRS-related calls. Integration with a hospital's existing information system infrastructure would make many of these steps unnecessary or simpler. The human resources required by the IVRS are similarly non-intensive.
Our study was designed to establish the potential utility and effectiveness of the technology in order to plan for future controlled experiments. It is not possible to make inferences about the overall effectiveness of the intervention in reducing adverse events following discharge because the study was performed in a single center, had a relatively small sample size, and did not have a contemporaneous control group. However, from our experience at this institution, we believe that patients accept the technology, find it easy to use, and prefer it to personal follow-up calls. Other investigators have found similar patient opinions regarding IVRSs.
